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(54) Method of making a ceramic arc tube for metal halide lamps 

(57) A method of making a ceramic arc tube for a 
metal halide lamp comprises the steps of forming as an 
integral unit a hollow body having one open end and a 
substantially closed end. The substantially closed end 
includes an outwardly extending capillary tube having 
an electrode receiving aperture therein that communi- 
cates with the hollow body. An end cap is then formed 
for closing the open end. The end cap comprises an 
annular portion and an extending capillary tube. The 
end cap is fitted into the open end of the hollow body to 
form a pre-assembly. The pre-assembly is then fired to 
seal the end cap to the hollow body to form an assembly 
and the assembly is subsequently fired to sinter the 
same. 
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TECHNICAL RELD 

[0001 ] This invention relates to a method of making 
ceramic arc tubes and more particularly to a method of 
making such arc tubes for use as metal halide lamps. 

BACKGROUND ART 

[0002] Ceramic arc tubes of materials such as poly- 
crystalline alumina with one or more additives to control 
grain size have been used as the discharge vessel or 
arc tube for high-pressure sodium lamps. Recently, 
such arc tubes have been employed with metal halide 
lamps. See, for example, U.S. Patent No. 5,424,609. 
Such arc tubes have comprised 5 piece structures 
including a cylindrical body, a pair of end closures or 
buttons, and a pair of electrode receiving rods or capil- 
lary tubes sealed to the buttons. Manufacture of such 
arc tubes required extrusion or pressing of the individual 
components, as well as multiple assembly and heat 
treatment steps that increased handling and, therefore, 
cost. 

[0003] Additionally, three piece structures have 
been proposed. In U.S. Patent No. 4,766,347 there is 
shown an arc tube having only a ceramic body with 
electrode receiving rods sealed directly therein. U.S. 
Patent No. 5,426,343 discloses a three-piece structure 
wherein a sealing button has an extending electrode rod 
receiving member integral therewith. 
[0004] All of these approaches require extra heat- 
ing and handling steps. 

DISCLOSURE OF INVENTION 

[0005] It is, therefore, an object of this invention to 
obviate the disadvantages of the prior art 
[0006] It is another object of the invention to 
enhance the production of arc tubes. 
[0007] These objects we accomplished, in one 
aspect of the invention, by a method of making a 
ceramic arc tube for a metal halide tamp which com- 
prises the steps of forming as an integral unit a hollow 
body having one open end and a substantially closed 
end. The substantially closed end includes an outwardly 
extending capillary tube having an electrode-receiving 
aperture therein that communicates with the hollow 
body. An end cap is then formed for closing the open 
end. The end cap comprises an annular portion and an 
extending capillary tube. The end cap annular portion 
has a diameter slightly larger than the diameter of the 
open and is fitted into the open end of the hollow body 
before firing, utilizing the elastic properties of the 
organic binders still contained in the components to 
allow the end portion to fit into the smaller open end. 
This structure forms a pre-assembry. The pre-assembly 
is then fired to remove the organic binders and to seal 
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, lt the end cap to the hollow body to form an assembly and 
the assembly is subsequently fired to sinter the same. 
Firing is generally continued until the body reaches a 
state of high translucency. 

5 [0008] In this aspect of the invention, rf the end cap 
and body are sintered without being joined together, the 
outside diameter of the annular portion of the end cap 
will be greater than the inside diameter of the open end 
of the hollow body. 

w [0009] In another aspect of the invention, these 
objects are accomplished by a method of making a 
ceramic arc tube for a metal halide lamp which com- 
prises the steps of injection molding as an integral unit 
a hollow body having an open end and a substantially 

75 closed end. The substantially closed end has an out- 
wardly extending capillary tube having an electrode 
receiving aperture therein which communicates with the 
interior of the hollow body. An end cap is injection 
molded for closing the open end. The end cap includes 

20 an annular portion and an extending capillary tuba The 
annular portion has the same diameter as the inside 
diameter of the open end of the hollow body. The end 
cap is fitted into the open end of the hollow body before 
firing and joined at a temperature above the softening 

25 point of the thermoplastic injection molding binder, with 
some pressure applied to bond the open end to the end 
cap. The assembly is then fired to remove organic bind- 
ers and subsequently fired to sinter the same to a highly 
translucent state. 

30 [0010] This use of these procedures reduces the 
handling and, thus, the cost of making ceramic arc 
tubes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0011] 

Fig. 1 is an elevational sectional view of a first ele- 
ment of the arc tube of the invention; 

40 

Fig. 2 is an elevational sectional view of a second 
element of the arc tube of the invention; 

Fig. 3 is an elevational, sectional view of an assem- 
45 bled arc tube; and 

Fig. 4 is a flow diagram of the steps of one embod- 
iment of the invention. 

so BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] For a better understanding of the present 
invention, together with other and further objects, 
advantages and capabilities thereof, reference is made 
55 to the following disclosure and appended claims taken 
in conjunction with the above-described drawings. 
[0013] Referring now to the drawings with greater 
particularity, there is shown in Fig. 1 an arc tube body 10 
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comprised of atirst element 12 having a hollow body 14 t< 

with an open end 16 and a substantially closed end 18. 
The end 18 includes an outwardly extending capillary 
tube 20 having an aperture 22 therethrough. The transi- 
tion from substantially closed end 18 to the capillary 5 
tube 20 includes a radius or chamfer 32. 
[0014] An end cap 24 (see Fig 2) comprises an 
annular portion 26 and an outwardly extending capillary 
tube 28 with an aperture 30 therethrough. The end cap 
also has a radius or chamfer 34 joining the annular por- w 
tion 26 to the capillary 28. 

[001 5] The hollow body 1 4 and end cap 24 are pref- 
erably formed from polycrystalline alumina containing 
minor amounts of magnesia and, in some instances, 
yttria and zirconia Such a material is shown in U.S. Pat- is 
ent No. 5,682,082. Other minor constituents can also be 
included, as is known in the art. In a preferred embodi- 
ment of the invention body 14 and end cap 24 are made 
by injection molding or gel casting and utilize Baikowski 
grade CR-6 alumina powder containing 0.05 weight per- 20 
cent magnesia. 

[001 6] After initial fabrication, the hollow body 1 4 is 
heated to remove binder material and impart handling 
strength. Such heating is at 1200°C for 120 minutes in 
an air atmosphere. The end cap 24 also is heated to 25 
remove binder material and cause the annular portion to 
shrink so that it will fit into open end 1 6. Such heating is 
at 1325°C for 120 minutes. 

[0017] After this, the end cap 24 is inserted into 
open end 1 6 to form a pre-assembly that is then fired at 30 
1 325°C for 1 20 minutes in an air atmosphere to form the 
completed assembly. This firing shrinks the open end 
16 and seals the unit together. 
[001 8] The assembly can be fired either horizontally 
or vertically for the final sintering operation, which 35 
occurs at temperatures above 1800°C in a hydrogen- 
containing atmosphere. Preferably, the firing tempera- 
ture is 1880°C for 180 minutes and the atmosphere con- 
tains 100 % hydrogen. 

[0019] In a preferred embodiment for example, for 40 
a 35 watt lamp, the sintered arc tube would have an 
overall length of 34.7 mm; the "open" end 36 (Fig. 3) an 
outside diameter of 6.8 mm; the closed end 38 (Rg. 3) 
an outside diameter of 6.42 mm; a wall thickness for 
body 14 of 0.8 mm; a capillary tube outside diameter of 45 
2.10 mm and an aperture diameter of 0.65 mm. Trie 
thickness of the annular portion 26 of end cap 24, and 
the wall thickness of the closed end 18, is 1 .95 mm. The 
radii (or chamfers) 32 and 34 are between 0.2 and 1 .0 
mm and are preferably 0.5 mm. so 
[0020] While there have been shown and described 
what are at present considered the preferred embodi- 
ments of the invention, it will be apparent to those 
skilled in the art that various changes and modifications 
can be made herein without departing from the scope of ss 
the invention as defined by the appended claims. 



Claims : _ , 

1. A method of making a ceramic arc tube for a metal 
halide lamp comprising the steps of: forming as an 
integral unit a hollow body having one open end 
and a substantially closed end. said substantially 
closed end including an outwardly extending capil- 
lary tube; forming an end cap for internal engage- 
ment with said open end, said end cap including an 
outwardly extending integral capillary tube; fitting 
said end cap into said open end to form a pre- 
assembly; firing said pre-assembly to seal said end 
cap to said hollow body to form an assembly; and 
firing said assembly to sinter the same to a highly 
translucent state.. 

2. The method of Claim 1 wherein said hollow body 
has a first inside diameter and said end cap has a 
first outside diameter larger than said first inside 
diameter. 

3. The method of Claim 2 wherein the fitting of said 
end cap into said open end to for m a pre-assembly 
is accomplished by firing said end cap for a time 
and at a temperature sufficient to shrink said out- 
side diameter of said end cap to equal or be smaller 
than said first inside diameter of said hollow por- 
tion. 

4. The method of Claim 2 wherein the fitting of said 
end cap into said open end to form a pre-assembly 
is accomplished by fitting said end cap into said 
open end of said hollow body before firing by utiliz- 
ing the elastic properties of the organic binders still 
contained in the components to allow the end of 
said end cap to fit into the slightly smaller inside 
diameter of said hollow body. 

5. The method of Claim 1 wherein said hollow body 
has a first inside cfiameter and said end cap has a 
first outside diameter the same as or slightly 
smaller than said first inside cGameter. 

6. The method of Claim 5 wherein the fitting of said 
end cap into said open end to form a pre-assembly 
is accomplished by fitting said end cap into said 
open end of said hollow body before firing, and join- 
ing said end cap to said open end of said hollow 
body at a temperature above the softening point of 
the thermoplastic organic binder while applying 
pressure to the outside diameter of said hollow 
body. 

7. The method of Claim 2 wherein said hollow body is 
cylindrical and said open end has a diameter 
greater than the diameter of said closed end after 
assembly and sintering. 
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.8... The method of Claim 2 wherein said first outside t „ 

. diameter or said end cap is from about 3 to about 
6% greater than said first inside diameter of said 
hollow body. 

5 

9. The method of Claim 5 wherein said hollow body is 
cylindrical and said open end had a cfiameter 
approximately equal to the diameter of said closed 
end after assembly and sintering. 

10 

10. The method of Claim 5 wherein said first outside 
diameter of said end cap is from about 0 to 0.1 mm 
smaller that said first inside diameter of said hollow 
body. 

15 

11. The method of Claim 1 wherein said outwardly 
extending integral capillary tubes are blended into 
said hollow body with a fillet radius of 0.2 to 1 .0 mm. 

12. The method of Claim 1 wherein said outwardly 20 
extending integral capillary tubes are blended into 
said end cap and said hollow body with a chamfer 

of 0.2 to 1 .0 mm. 

25 
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